In this paper, we review the German practice of imputing the costs of owner-occupied housing by increasing the relative weight of actual rents in the CPI. As the structure of owner-occupied housing differs substantially from that of rental housing, this variant of the imputation method may cause a bias in the German CPI. For assessing the appropriateness of the German imputation method, we estimate alternative rental equivalent indices based on the GSOEP. We find some evidence of an understatement of the "true" rate of price increase, which is, however, not directly related to the imputation method.
Non-technical summary
The appropriate treatment of owner-occupied housing is one of the most difficult problems in the field of price measurement. For owner-occupied housing, the traditional acquisition approach, which neglects the difference between the period of purchase and the period of usage, does not result in a fully satisfactory estimate of the cost-of-living since residential structures are extremely long-lived. In the German Consumer Price Index (CPI) -as in the US CPI -a rather simple proxy measure is employed for capturing the price developments in the owner-occupied segment of the housing market. Actual rents are used for the imputation of the costs of owner-occupied housing, which is achieved by increasing the expenditure weight of the rent subindices. Approximating the costs of owner-occupied housing by means of the rent index seems to be a valid method for Germany as the German housing market is only relatively lightly regulated, the tax system not severely distorting and the share of rental housing quite substantial. However, the structure of owner-occupied housing differs substantially from that of rental housing. Rental housing typically takes the form of flats in apartment houses, whereas single-family houses and terraced houses predominate in the owner-occupied segment. Furthermore, only rents for a restricted sample of dwellings are recorded for the purpose of consumer price statistics. As price trends might differ between various segments of the housing market, there is a potential for bias in the German CPI. For assessing the appropriateness of the German imputation method we estimate alternative indices of the costs of owner-occupied housing based on rental equivalents as reported in the GSOEP. The GSOEP is a yearly household panel, which among other things reports on housing conditions in Germany including actual rents and equivalent rents as estimated by owners. In the first stage of our study we investigate whether the owners' estimates are reasonable. For this purpose we estimate hedonic functions for rents and equivalents rents. In most cases we find that the sign and the size of the estimated coefficients do not differ significantly between rental and owner-occupied housing. This is probably the consequence of the partial overlap of markets for rental and owner-occupied housing, but also indicates that the owners' estimates of equivalent rents are reasonable on average. In the second stage we compile several quality-adjusted rentalequivalence indices for owner-occupied housing and compare these indices with the official data. Furthermore we estimate indices for total housing based on actual rents and rental equivalents as reported in the GSOEP. We find some evidence of an understatement of the "true" rate of price increase in the official CPI housing subindex, which is, however, not directly related to the imputation method. Tables   Table 1  Dwelling types in the German CPI  5   Table 2 Housing in the GSOEP 7 Table 3a Characteristics of dwellings in the 1985 GSOEP 8 Table 3b Characteristics of dwellings in the 1998 GSOEP 9 Table 4 Cross-section hedonic regressions 14 Table 5 Statistical measures of the change in equivalent rents 18 Table 6 Matched-models indices 19 Table 7 Hedonic indices based on adjacent-year regressions 19 Table 8 Explicit hedonic indices 19 Table 9 CPI measures of rent inflation 20 Table 10 Explicit hedonic indices for total housing 23
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Introduction
The appropriate treatment of owner-occupied housing is perhaps one of the most complex problem of price measurement. Besides the extreme heterogeneity of residential structures and the outstanding importance of location, the fact that houses are very long-lived causes exceptional difficulties. 1 The extreme longevity of residential structures implies that the period of usage extends greatly beyond the period of purchase. Therefore, at least in the context of a cost-of-living index, the traditional acquisitions approach, which does not differentiate between the period of purchase and the period of consumption, does not seem to promise very satisfactory results. 2 Instead, a distribution of the initial cost of purchase over the life of the residential structure is called for. Basically, this demands the postulation of an appropriate depreciation profile. The inclusion of capital gains and losses resulting from property price changes and of interest rate effects then leads to a user cost estimate. The change in this figure is considered to be the appropriate measure in changes of the cost of living for housing purposes.
The exact estimation of user costs for owner-occupied housing is a very demanding task.
Especially the determination of the appropriate depreciation rate and the measurement of the change in residential property prices pose numerous difficult theoretical and practical problems. Furthermore, the inclusion of interest rate effects and capital gains and losses tends to give a rather volatile measure of user costs. 3 Therefore, the user cost approach is not very popular with price statisticians. As an alternative some experts have propagated the rental equivalence approach. 4 If there is a well-developed rental market which is not distorted by taxes, actual rents represent the opportunity costs for owners. Hence, there * This paper benefited immensely from discussions with colleagues at the Bundesbank and the participants of the ZEW conference "Price indices and the measurement of quality changes", Mannheim 25-26 April 2002. We are particularly grateful to Heinz Herrmann, Hans-Albert Leifer, Ian McLoughlin, Gerd Ronning and Harald Stahl. It goes without saying that any remaining errors (and incorrect assessments) are our own.
-2 -should be a close relationship between actual rents and user costs. If this were true, the observation of actual rents for dwellings that closely match owner-occupied dwellings in terms of characteristics would be a suitable alternative to calculating user cost measures.
In practice, it is, however, often difficult to find rented dwellings, which closely match owner-occupied dwellings, as there is at most only a partial overlap of the markets for owner-occupied and rental housing. Rental housing typically takes the form of flats in apartment houses, whereas single-family houses and terraced houses predominate in the owner-occupied segment. The main reasons for this phenomenon are likely to be the principal-agent problems arising from leasing property (as the level of care for a rented asset tends to be suboptimal, see Henderson/Ionannides 1983) and the high costs of multiparty ownership of assets which arise from free rider behaviour of some owners and high costs of co-ordination between owners (Gervais 2002). Therefore in the absence of distorting taxes the allocation "one building -one owner" seems to be optimal (Glaeser/Shapiro 2002). This implies, however, that the tenure choice is not separable from the decision about structure, and the probability of finding rental dwellings which closely match owner-occupied dwellings might not be very high.
In the German Consumer Price Index (CPI) -as in the US CPI -a rather simple proxy measure is employed for capturing the price developments in the owner-segment of the housing market. Actual rents are used for the imputation of the costs of owner-occupied housing, which is done by increasing the relative weight of the rent subindex.
Approximating the costs of owner-occupied housing by means of the rent index seems to be a valid method for Germany as the German housing market is relatively lightly regulated, the tax system not severely distorting and, as a consequence, the share of rental housing quite substantial (European Central Bank 2003) . However, the structure of owneroccupied housing differs substantially from that of rental housing and for the purpose of consumer price statistics only rents for a restricted sample of dwellings are recorded. As price trends might differ between various segments of the housing market, there is a potential for bias in the housing component of the German CPI. Furthermore, given the substantial weight of housing in the German CPI, any bias in the housing component will impact on the accuracy of the total CPI.
For assessing the appropriateness of the German imputation method we estimate alternative indices of the costs of owner-occupied housing based on rental equivalents as reported in the German Socio Economic Panel (GSOEP). The GSOEP is a yearly household panel, which among other things reports on housing conditions in Germany including actual rents and rental equivalents as estimated by owners. The owners are asked to estimate the monthly rent which would have to be paid for renting their own dwelling.
-3 -This seems to be a promising strategy to obtaining rental equivalents if owners have a good knowledge of markets.
We assess the quality of the owners' estimates of rental equivalents by estimating hedonic functions for rents and rental equivalents and comparing the estimated coefficients. This is a feasible approach for Germany as, despite the differences in average characteristics, the markets for owner-occupied and rental housing overlap to some extent. The econometric estimation strategy follows closely that of our companion paper on housing rents (Hoffmann/Kurz 2002) . In most cases we learn that the sign and the size of the estimated coefficients do not differ significantly between rental and owner-occupied housing. This finding suggests that there is no substantial variation in the marginal valuation of characteristics across markets and between actual rents and estimated rental equivalents, which is probably the consequence of the partial overlap of rental and owner-occupied housing. It also suggests that the owners' estimates of equivalent rents are reasonable on average.
As the estimates of the rental equivalents mostly seem to be well educated, they can provide a basis for the compilation of price indices for owner-occupied housing. This is done in a similar way to that for actual rents in our earlier paper. Since the hedonic functions from which the quality-adjusted price indices are derived are estimated for each period separately, we allow for changing relative prices of characteristics. Furthermore, we calculate both fixed-based traditional Laspeyres indices as well as superlative indices.
The paper is organised as follows: In section 2 below we briefly describe the peculiarities of the subindex for rental and owner-occupied housing in the German CPI. In section 3 the GSOEP is introduced. In section 4 a hedonic analysis of rental equivalents and actual rents on basis of the GSOEP is performed. In section 5 we present and discuss alternative indices for owner-occupied housing based on rental equivalents. Section 6 merges the new findings with those of our previous paper on the developments of actual rents. Finally, section 7 provides some conclusions.
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The housing subindex of the German Consumer Price Index
The German CPI sub-index for housing covers rental and owner-occupied housing. The German imputation practice implicitly assumes that the housing cost dynamics are exactly identical for rented and owner-occupied dwellings. This might be quite misleading. 9 Firstly, the structure of owner-occupied dwellings may differ substantially from that of rental dwellings. Therefore housing costs may vary across segments of the housing market. While such level effects themselves do not distort price indices, changes in the relative valuation of housing characteristics may lead to differences in the dynamics of the housing costs. In this case the flats chosen to capture the price dynamics in the rental market may not provide a fully appropriate basis for imputing the developments of the costs of owner-occupied housing. This is even more probable in the German case as the sub-index for rents in the CPI is based on a rather restricted sample of dwelling types (Table 1) . Only three and four room apartments are covered, whereas single-room flats and single-family and terraced houses are missing. This limitation proved not to be of great importance for the measurement of the development of actual rents (Hoffmann/Kurz 2002), but might cause distortions for imputed rents. Furthermore, the regulation of the rental market and the differences in taxation might distort the correspondence between user costs and rental equivalents derived from actual rents. However, the regulation of the German rental market is not very tight, and -after a change in the 1980s -the tax system tended to be not as favourable to owner-occupied housing as in other industrialised countries. 10 Therefore, we may hope that regulation and taxes do not substantially distort the connection between user costs and rental equivalents in Germany.
9 For a discussion of these topics in the context of the US CPI, see Crone/Nakamura/Voith (2000). 10 On the issues, see Hoffmann/Kurz (2002) and European Central Bank (2003).
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Owner-occupied housing in the German Socio-Economic Panel
The German Socio-Economic Panel (GSOEP) is an annual household panel that assembles information about living and working conditions in Germany. 11 Among other data, the GSOEP reports major physical and locational characteristics of dwellings, rents actually paid by households and rental equivalents as estimated by owners. The GSOEP started in 1984 with nearly 6,000 households, 65% of which were tenants and 35% owners. 12 In 1990
the data set was enlarged to include eastern Germany. The GSOEP surveys the same households every year. New persons enter the GSOEP sample for western Germany by birth or by marriage, or -since 1992 -by moving from the eastern part to the western part of the country. Split households, for example owing to divorce or children leaving the parental home, are followed up. Still, panel mortality is quite pronounced. Therefore, in 1998 the GSOEP was refreshed by about 1,000 households. By then, slightly over 5,500
households in the sample were living in western Germany.
13
In the GSOEP owners are asked to estimate an equivalent rent for their property. The corresponding question reads: "And if you lived in this flat or house as a tenant: what do you estimate would be the monthly rent without heating costs?" The wording implies that the equivalent rents reported in the GSOEP include some housing-related expenses, mainly on water supply and refuse collection. Up to 1998 the same was true of the rents collected for the compilation of the CPI; since then, however, the CPI has related to rents excluding any additional expenses. As we want to compare the development of rental equivalents in the GSOEP to the rent measure in the CPI, we restrict our study to the period 1985 to 1998.
Although we focus on apartments rather than households, we cannot generate a true dwelling panel from the GSOEP. In the case of a move, the GSOEP follows the household into the new flat. The old flat is lost. In the period under review, we observe a total of 10,000 different households but 14,000 different dwellings. The greater number of dwellings reflects moves within the sample.
11 For a detailed description of the GSOEP, see SOEP Group (2001).
-7 - When extracting the housing sample from the GSOEP, we found evidence of misreporting.
For some dwellings, for example, the reported occupancy duration is not consistent with the vintage. Also some rents and rental equivalents seem to be excessively volatile. As there is no chance of distinguishing ex post accurately and badly reported data, we used the panel structure of the data and developed standardised procedures for deciding whether to keep or drop an observation and for adjusting inconsistent data. 14 However, as only about 1 % of the observations in every year was adjusted, the corrections are rather marginal.
A comparison of the structure of the housing expenditure shares in the GSOEP with that of the CPI basket of consumption reveals that while nearly 40% of rents refer to dwellings that correspond to the CPI specifications, this is the case for less than 15% of the estimated equivalent rents for owner-occupied housing (Table 2 ). This finding raises some doubts about the suitability of the CPI sample for the imputation of housing costs for owneroccupied housing.
14 For a more detailed description of the adjustments made, see Hoffmann and Kurz (2002).
-8 - A closer look at the structure of rental and owner-occupied housing in the GSOEP (Tables 3a and 3b ) reveals that renters predominately live in apartment houses, whereas single-family and terraced houses are the most common dwelling types among owners.
Thus the German pattern of tenure choice is close to the "one asset -one owner" allocation which seems to be optimal from the view of economic theory. 15 This finding indirectly backs the judgement that the German housing is not severely distorted by regulations and taxes. There are further differences in the structure of rental and owner-occupied housing.
Owner-occupied dwellings are on average larger and (slightly) better equipped than rented ones. 16 This may be explained by the fact that owners live more often in dwellings built after 1971. In addition, rental housing is predominately located in big cities, whereas ownership is more evenly spread across the conurbation types.
Moreover, there are striking differences in the mobility of renters and owners. Between 6%
and 11% of the renters move inside the sample each year, but less than 1% of the owners.
These figures do not include those households which enter the sample after having moved recently or those households which were not contacted successfully by the GSOEP in the year immediately following the move. Hence, the average occupancy duration in owneroccupied housing is almost twice as high as that of rented dwellings.
However, even as the structure of rental housing clearly differs from that of owneroccupied housing, there are some important overlaps which may connect markets and price levels and price trends. About one-fifth of renters live in single-family or terraced houses, and about one-fifth of owners live in flats. Furthermore, the quite substantial standard deviation of the size of rented and owner-occupied dwellings also implies that there is no strict delineation of owner-occupied and rental housing in terms of size. And finally, we find both forms of tenure in all types of conurbation, which means that there is no strict regional separation.
Apart from some remarkable exceptions, the average dwelling did not change very much in the period under review. Both rented and owner-occupied dwellings became somewhat larger, slightly better equipped and more modern from 1985 to 1998. The average size of rented dwellings increased by about 6%, while with 11% the gain in size was even more 15 However, there are cases of separate ownership of rental flats in apartment houses since the tax system favours separate ownership over joint ownership and the principal-agent problems tend to be even worse with residential property investment funds. 16 The list of amenities reported in the GSOEP is little bit outdated since, as long ago as the 1980s, nearly all dwellings had a kitchen, a bathroom and a toilet. A cellar was available in more than nine out of ten dwellings in 1985. This means that there is not much variation in four out of seven furnishing variables. Substantial differences can be found only for central heating, galleries and gardens.
-11 - 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 Rental equivalents Rents A preliminary visual inspection of the level and the development of actual rents and rental equivalents -not adjusted for differences and changes in quality -suggests that the markets for rental and owner-occupied housing may indeed be interconnected (Figure 1 ). It is true that in each year of the period under review estimated equivalent rents were higher than actual rents both in absolute terms and per square meter, and, that, up to 1992, the equivalent rents increased substantially faster than actual rents. However, in the years following 1992 the increase in actual rents was rather strong, whereas the estimated equivalent rents nearly stagnated, albeit at a high level. Over the full period, these differences cancelled out and both the mean of the actual rents and the mean of the estimated equivalent rents went up by about 80% or 4¾% per year. Rents per square meter increased by about 70% (from DM6.60 on average to DM11.20). The increase in estimated equivalent rents per square meter was a little bit more subdued: the average level of rental equivalents rose from DM7.10 to DM11.70 (+65%). In the following section 4 we will analyse more carefully the differences in the level of actual rents and estimated equivalent rents. Section 5 tries to shed some more light on the dynamics of actual rents and rental equivalents, and link it to changes in characteristics.
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Hedonic analysis of estimated equivalent rents
The purpose of this chapter is the assessment of the GSOEP rental equivalents' quality. In particular, we would like to know whether the owners' estimates by and large are reasonable and whether the markets for rental and owner-occupied housing are interconnected. The analysis in section 3 revealed that, on the one hand, estimated equivalent rents are higher than actual rents, and, on the other hand, owner-occupied dwellings on average are of higher quality than rented dwellings. Hence, there is a correspondence of quality and price differences at the macro level. Here we ask whether the higher level of the rental equivalents found in the GSOEP is systematically related to differences in quality at the micro level. Furthermore, we would like to know whether the marginal valuation of characteristics differs between rental and owner-occupied housing.
And finally we try to assess the reasonableness of owners' estimates. The exploration of these topics is feasible with the GSOEP data as we have seen in section 3 that there is some overlap of rental and owner-occupied housing in terms of characteristics.
The technique on which our analysis is based is the hedonic regression approach. The key idea of the hedonic technique is that prices of goods are closely related to characteristics.
In its most general form, the hedonic relationship can be given as:
, which explains the price p by different traits X =(x 1 , x 2 , ... x i , ... x n ) and an error term u.
The exact form of the hedonic function f(.) is widely discussed throughout the literature, and a great variety of functional forms have been proposed. Our previous analysis in Hoffmann/Kurz (2002), which explores these issues in more depth, has shown that for rental housing the log-log form works quite well. After some testing we decided to apply the same functional form to the estimated equivalent rents for owner-occupied housing:
The only continuous right-hand variable entering the regression, the size of the dwellings, is log-transformed. The other variables x i, which include the characteristics in Table 3 , are transformed into dummies. 17 The main advantages of the log-log model are computational efficiency and the straightforward interpretation of the coefficients c i as elasticities, which measure percentage changes of the rent in response to a 1% increase in the level of the (continuous) traits.
-13 -At the first stage, hedonic models were estimated separately for rental and owner-occupied housing. The constant term gives the rent for the baseline dwelling (without size effects). It is located in a residential area in the central district of a city of more than 500,000 inhabitants in North Rhine-Westphalia. The property is an apartment house with up to eight flats and was built before 1949. The baseline dwelling is equipped with a bathroom, toilet, central heating and a gallery or a garden. It was privately financed, and the current household has been living there for more than ten years. The hedonic regressions were estimated by ordinary least squares separately for each year from 1985 to 1998. As the Cook-Weisberg-Test indicated heteroscedastistic residuals in most periods, heteroscedasticity-consistent robust standard errors were computed. All regressions were weighted with the sample weights provided by the SOEP group. Hence, the estimates may be regarded as approximately representative for western Germany. Table 4 reports the regression results for the first and the last year in our sample. 18 Overall, the hedonic regressions for owner-occupied housing broadly seem to be as well behaved as that for rental housing. It is true that the adjusted R-squared for owner-occupied housing with 0.43 to 0.56 is somewhat lower than that for rented housing, which ranges from 0.53 to 0.65. 19 The difference, however, is not very large. Moreover, most of the estimated coefficients are statistically significant and have the expected sign. These findings can be interpreted as indicating that the owners' estimates of equivalent rents are by and large reasonable. Otherwise we would have expected to find a much lower R-squared and statistically insignificant parameter estimates or parameter estimates with implausible signs. Finally, the parameter estimates are in an order of size similar to that for rented flats.
We interpret this finding as indicating that the markets are indeed interrelated.
There are, however, some differences. Most importantly, the occupancy duration which proved to be so vital in the Hoffmann/Kurz (2002) hedonic explanation of actual rents, turned out to be insignificant in the case of owner-occupied housing. Owners do not take into account the occupancy duration when assessing the rental value of their dwelling. This means that the length-of-stay discounts found for rental housing either stem from an unmeasured quality deterioration related to the previous length of occupancy which does not take place in owner-occupied housing. Or the discounts are a consequence of the peculiarities of the landlord-tenant relationship. Hence, we drop the length-of-occupancy variable from the model for rental equivalents. Further noticeable differences can be found in the valuation of property types and of the location in different states.
-14 -For testing statistically the differences between the coefficients of rental and owneroccupied housing, we run the hedonic regression model for a pooled sample simultaneously covering both segments of the housing market. The explanatory variables are interacted with a dummy variable taking the value of one for owner-occupied dwellings and zero for rented housing. Statistically significant coefficients of the interaction terms would indicate that the influence of the variables is not the same on rents and rental equivalents. Most interaction terms turn out not to be statistically significant in most periods, thus confirming the visual impression of no substantial differences in the coefficient estimates. Statistically significant differences are found in some years for the size variable, the property type and the location at the level of states. Typically, the elasticity of estimated equivalent rents with respect to size is somewhat lower than that of actual rents. On average, a 1% increase in size implies an increase in equivalent rents of about 0.65%, but of 0.75% in actual rents. Furthermore, in the opinion of owners, single and terraced houses are more valuable than flats in apartment houses, whereas in the case of rental dwellings sometimes the opposite seems to be true. This finding might be related to the fact that the tenure choice is not fully separable from the decision about structure.
There are also some differences between actual rents and estimated equivalent rents with respect to locational variables.
Whereas differences in marginal valuations tend to be quite small and restricted to few characteristics, the overall dummy for owner-occupied housing in almost all periods was statistically significant above zero, 20 indicating a higher valuation of owner-occupied housing even after controlling for differences in quality and the length of stay for renters. It is true that the adjustment for differences by our hedonic regression model is incomplete as the GSOEP reports only a restricted number of characteristics. If owner-occupied dwellings were on average better equipped with unreported amenities, this might explain some of the differences. Linneman/Voith (1991) argue that there is an intrinsic preference for homeownership, which may bias the estimates upwards. The estimated difference is, however, neither invariant nor trended, but displays a cyclical pattern, which seems to be at variance with purely quality or preference-related explanations.
An alternative explanation starts from our earlier finding that rents for sitting tenants reflect a kind of tenancy discounts meaning that quality adjusted rents are on average lower in existing contracts than in new contracts (Hoffmann/Kurz 2002). Furthermore, we found that these discounts display a cyclical pattern. These phenomena are probably the result of the peculiarities of contracting on the rental market (Francois 1989) , which may 20 It is only in 1985 and 1986 that the coefficient is not significantly different from zero.
-15 - describing the landlord-tenant relationship for rented dwellings. * indicates that, statistically, the coefficient is significant different from zero at the 90%-level (** at the 95% level, *** at the 99% level); heteroscedasticity-robust standard errors are used for the calculation of the t-statistics.
-16 -be reinforced by the German housing market regulation. 21 However, Genesove (2003) reports substantial evidence of nominal rent rigidity especially for sitting tenants in the US also. Therefore, the difference between estimated rental equivalents and actual rents may result from an pervasive orientation of owners at rents negotiated for new rental contracts (Francois 1989 , Frick/Grabka 2001 . If the hypothesis that owners derive their estimates from new rental contracts were true, then the (quality-adjusted) estimated equivalent rents should mirror actual rents for new contracts closely. Francois (1989) in a study for the U.S.
indeed found that while estimated equivalent rents were typically above the average level of actual rents, they were close to rents in new contracts. Figures on rents in new contracts derived from the GSOEP also give some support to this hypothesis. Rents in new contracts tend to be higher than those for sitting tenants and display a much more pronounced cyclical pattern with a strong acceleration at the beginning of the 1990s and a downward correction in the second half of the decade (Figure 2) . Furthermore, the level and the cyclical pattern of the new contract rents resembles that of the estimated equivalent rents in the GSOEP.
A formal test of this proposition on the line proposed by Francois (1989) is not feasible with the GSOEP data since the number of new rental contracts in the GSOEP is too small.
As an alternative, we define the baseline dwelling differently. Instead of referring to households with a length of stay of more than ten years, we re-estimate the hedonic model for a baseline household with an occupancy duration of up to two years. It turns out that the size of the estimated dummy for owner-occupied housing shrinks. However, it stays statistically different from zero in nearly all years, indicating that the orientation of the owners' estimates at rents for new contracts explains only a part of the "mark-up". Hence our results resemble that of Goodman/Ittner (1992) who found that owners in the U.S.
overestimate the value of their property.
Regarding the development over time, the coefficients proved to be quite stable both for actual rents and for estimated equivalent rents. For a formal test on stability we employ the Wald test. We pool the sample over adjacent periods and interact each regressor with a time dummy. Since the Wald test rejects the null hypothesis that the interactive terms are jointly significantly different from zero, the parameter estimates can be regarded as stable over adjacent periods. For longer time-spans, parameter stability is definitely rejected, and we find slow-moving trends in some parameters. 21 In Germany, rents for sitting tenants generally can only be increased up to the level of rents for comparable dwellings in the vicinity. The level of rents for comparable dwellings is typically assessed by reference to a rent survey published by local authorities. The representative list of rents has to be compiled from rents for new contracts and for contracts for which rents have been adjusted recently (within four years). This regulation implies that rents for sitting tenants adjust to changing market conditions with some delay only. For details, see Hoffmann/Kurz (2002) and European Central Bank (2003).
-17 - 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 Rental equivalents Rents Rents in new contracts DM per square meter
By and large, our hedonic modelling of equivalent rents as estimated by owners can be considered fairly successful. For the most part, the estimated parameters are statistically significant and reasonable and appear to be moving only slowly over time, thus reflecting the peculiarities of the housing market. The adjusted R-squared is not much lower than that found in hedonic equations for actual rents. Furthermore, for most characteristics the differences in the marginal valuations between owner-occupied and rented housing tend to be rather small. It is true that even after quality adjustments there is on average a sizeable difference between estimated rental equivalence and actual rents owners which can be only partly explained by reference to the rents in new contracts, which tend to be higher than rents for sitting tenants. Still, in our view, these findings indicate that the owners' estimates of equivalent rents are by and large reasonable and that the markets for rental and owneroccupied housing are interrelated in Germany.
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Alternative rental equivalence indices for owner-occupied housing
In this section, we compile various rental equivalence indices for owner-occupied housing from the GSOEP data. In the first stage, we compute indices without hedonics, both simple statistical measures and matched-models indices. In the second stage, we estimate indices quality-adjusted by means of hedonic techniques. In doing this, we replicate the programme of our earlier paper on actual rents (Hoffmann/Kurz 2002). Since all measures have been calculated using GSOEP weights, they can be regarded as being approximately representative of western Germany. As measured by the geometric mean, non-adjusted rental equivalents increased by 91% or 5.1% a year in the period under review (Table 5) . Equivalent rents per square meter, which
give a rough quality-adjusted measure of price increase, increased at a substantially slower pace (70% or 4.2% a year), reflecting the growing size of the average dwelling. However,
given the results of the hedonic regressions, the measure of rents per square meters probably overadjusts for the benefits from increasing the size of dwellings, because it assumes a strictly proportional relationship between size and rents. The estimated regression coefficients suggest that the elasticity of equivalent rents (as of actual rents) is substantially smaller than one (see Table 4 , page 14).
A superior method of calculating quality-adjusted price indexes is the matched-model technique which restricts the intertemporal comparison to prices of goods which are observed in both periods. Fixed-base matched-models indices refer to a invariant base period. As the GSOEP is a household panel, a fixed-base dwelling sample degenerates from period to period as households move to different locations, implying that such an index becomes less and less representative. Hence, we also calculate chained matchedmodels indices, using three popular aggregation methods.
The matched-models indices (Table 6) indicate that the true quality-adjusted increase in estimated equivalent rents is perhaps even smaller than suggested by the rent-per-squaremeter measure. Only the linked Carli index exhibits a deviating trends, thus confirming the poor reputation of this index type.
-19 - 
Over the full period, the fixed-base geometric mean matched-models index gives nearly the same estimate of price change as the chained geometric mean index. At 61% or 3.7% per year it is slightly lower than the estimate derived from the simple rent-per-square-meter measure. However, in the medium term there are sizeable differences between the fixedbase and the chained measures.
Turning to quality-adjusted indices based on hedonic regression techniques, we start with the time-dummy method. 22 As Wald-Tests revealed that the estimated coefficients of the hedonic equations are stable over two periods at least, we pool samples over two adjacent years and calculate a biannual price index by exponentiating the coefficient of the time dummy. The resulting annual indices are multiplied into a time series. According to the adjacent-year index, rental equivalents for owner-occupied housing increased by 60.8% or 3.7% per year (Table 7) . This is less than indicated by the measures based on average rental equivalents or rental equivalents per square meter, reflecting the improvement in the quality of owner-occupied housing. The estimate is, however, close to that of the geometric means matched-models index in the chained variant indicating that for the data set under review matched-models indices deliver reasonable results. -20 -
The explicit hedonic indices calculated from the parameter estimates of the cross-section hedonic models and the average level of attributes over the full period give slightly higher estimates of price change (Table 8 ). According to the chained Fisher index, equivalent rents increased by 64% or 3.9% per year. These differences to the time-dummy index, however, emerge at the end of the period under review only. Up to 1995, the explicit hedonic index is close to the adjacent-year and the matched-models indices. Overall, the differences between the various indices appear to be quite small. In the period from 1985 to 1998, the CPI subindex for housing increased by only 53% or 3.3% per year. For privately financed four-room apartments, which are mainly used for the imputation of rental equivalents in the CPI, the recorded rate of change is even lower (51% or 3.2% per year). This finding suggests that the official CPI housing subindex may be biased downwards. As the CPI measure of housing cost inflation is derived from a restricted sample of dwellings only, the difference may originate from the lack of representativity of the CPI sample for owner-occupied housing.
Our earlier research on the measurement of housing rents (Hoffmann/Kurz 2002) revealed firstly that actual rents as measured by a chained hedonic Fisher index increased by 64.1%
in the period under review, giving nearly exactly the same estimate of long-run price change as the index based on rental equivalents developed in this paper. Hence, we might tentatively conclude that the quite pronounced differences in the composition of rental and owner-occupied housing do not matter for inflation measurement if rental housing is broadly covered (and not restricted to a small sample of typical rental flats). Secondly, we found that for rental housing the differences in price trends between a sample restricted to flats matching the CPI specifications and a sample covering other dwellings are trivial.
Hence, it seems that even the restriction of the sample to few dwelling types is not the cause of the differences either. Hence, the German imputation method per se does not seem to distort inflation measurement. 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 Actual rents Rental equivalents 1985=100 occupied housing. 23 However, even with unchanged relative prices we would expect to see a rising importance of ownership resulting from the growth of real disposable income.
Hence, the rather small gain in the weight of owner-occupied housing seems not to be at variance with the finding of largely invariant long-term relative prices.
A closer look at the data reveals that while, in the long run, quality-adjusted estimated rental equivalents display exactly the same trend as quality-adjusted actual rents, there are important differences in the short to medium term (Figure 3 ). Whereas rental equivalents increased more sharply in the period up to 1992, opening a gap to actual rents, actual rents afterwards made up the differences by increasing substantially faster. These divergences at least partly reflect the orientation of the owners' assessment of the rental value of their residential property at rents for new contracts, which increased steeply in this period, responding to the inflow of population from eastern Germany and other countries in Eastern Europe and the unification boom in Germany. 24 Hence, the equivalent rents mirror the present state of the housing market more closely, whereas the actual rents echo developments in the (recent) past.
In this context a problem with the interpretation of the rental equivalence concept arises. If the purpose of the rental equivalent concept is to produce an index for a fictional population of renters, then it seems not to be entirely appropriate to derive the rental 23 According to housing surveys, the share of owner-occupied housing increased in western Germany from 1985 to 1998 by about 2pp. 24 On these issues, see Deutsche Bundesbank (2002) and Deutsche Bundesbank (2003).
-22 -equivalents from rents in new contracts only. Given the peculiarities of the rental market, owners cannot expect to achieve in long-term contracts market clearing rents in each period. Hence it seems reasonably to adjust estimated rental equivalents by applying the length-of-stay discounts estimated in our hedonic rent equation. For the most part this modification should impact on the estimated level of rentals equivalents only. With timevarying tenancy discounts, however, the estimate of the change in rental equivalents will be affected also. We discuss this problem in more detail in the following chapter, in which indices for total housing are calculated and compared with the official price data.
Price indices for overall housing
Based on the findings in the previous chapters and in our earlier paper, we have now reached a state where we are able to calculate an index for total housing and investigate the differences to the official CPI index. In principle, there are two ways of calculating indices for total housing from our earlier findings. Firstly, using adequate weights, we may calculate a weighted average of the indices for rental and owner-occupied housing.
Secondly, as the results of the tests on equality of the parameter estimates in the hedonic regressions do not indicate substantial divergences, we may pool the renter and the owner sample and then proceed as for the separate samples.
We choose the latter method and start with a regression model including a full set of interaction terms between rental and owner-occupied housing. From this model all insignificant interaction terms are dropped, with the result that only interaction terms for the length of stay, the size of the dwelling, the location in states and for single and terraced houses are kept. Taking the estimated marginal valuations and the average levels of traits, we calculate fixed base and chained Laspeyres, Paasche and Fisher indices in two variants.
In the first variant we stay with our original specification for owners, whereas in the second variant we adjust for the length of stay and the tenancy discounts.
For this purpose we need to stipulate a distribution of the length-of-stay for owners which would be relevant in a fictional universe of renters. As mentioned before, there are substantial differences in the actual occupancy duration between renters and owners, the latter being much longer than the former. The longer occupancy duration of owners is probably related to the relatively high transaction costs for owner-occupied housing. On the other hand, there is clearly a kind of sorting effect as the transaction costs are also an important argument in the tenure decision of households. Therefore, we would expect households with potential mobility needs to rent and households without mobility needs to own. Compromising on these two arguments, we take the average of the owners and the -23 -renters occupancy durations for the stipulation of the length-of-stay in the fictional world exclusively populated by renters. According to our calculations, in the period under review total housing costs increased by 66% or 4.0% per year. Adjusting the owner-occupied segment for the effect of the occupancy duration on actual rents reduces the estimated rate of price increase only slightly to 63% or 3.8% per year. Over the full period, the length-of-stay adjusted index for total housing rises exactly as strongly as the estimated indices for rents and rental equivalents, with the increase in rents being more subdued at the beginning and more vigorous at the end of the period (Figure 4 ). 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 Total Adjusted total Rental equivalents Rents
1985=100
-24 - 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 Adjusted hedonic index CPI housing index
Annual percentage change
Whereas the differences between the length-of-stay-adjusted and the non-adjusted Fisher indices are rather small, there is a substantial discrepancy with the official CPI housing cost inflation measures. Over the full period of 13 years, the difference to the adjusted Fisher index amounts to 10 percentage points or 0.5pp per year.
A closer inspection of the dynamics of the various indices reveals that until 1988 the CPI measures were rather close to the hedonic indices. Starting in 1989, the rates of increase of the hedonic index turned out to be substantially higher than for the CPI rent subindex.
From 1994 on the CPI and the hedonic measures by and large displayed the same rate of change. These findings may be interpreted as evidence of a time-variant bias in the German CPI housing cost measure.
It is quite difficult to give a plausible explanation for this finding which resembles that of our earlier paper on rents. Probably it is no coincidence that major divergences appear for the first time in the year in which immigration started to put pressure on the German housing market. 25 In our earlier paper we discuss a list of potential causes but conclude that neither of those is fully convincing. Probably the divergence stems from hidden differences in the CPI and GSOEP dwelling samples unrelated to the types of dwellings. Such differences can, however, not be explored without a detailed examination of the CPI sample.
25 See Deutsche Bundesbank (2002) and Deutsche Bundesbank (2003) .
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Conclusion
This paper has two main results. Firstly, the German imputation method for owneroccupied housing basically seems to be sound. Imputing rental equivalents from actual rents recorded from a restricted sample of rented flats does not seem to cause severe distortions. Secondly, we find some evidence of a downward bias in the German housing cost measure which seems to stem from unidentified problems in the German rent measure.
In this aspect our results resemble that of some recent studies for the US CPI which also hint at biases in housing inflation measures. Crone/Nakamura/Voith (2000) At a more technical level, our results indicate that the equivalent rents reported in the GSOEP as estimated by owners are by and large reasonable. It is true that we find evidence of an "overestimation" of the level of estimated rental equivalents which can be only partly explained by the orientation of owners at market rents for new contracts. Probably this "mark-up" for owner-occupied housing is partly related to characteristics not reported in the GSOEP. If this were true, the "mark-up" would not indicate a "true" overestimation of rental values. As the range of characteristics reported in the GSOEP is rather limited, the hedonic adjustment for quality differences is clearly incomplete. We could feel, however, confident that our estimates gave the "true" rate of price if the unreported characteristics were strongly correlated with the reported traits. Most likely this is not the case, and the true rate of price change probably has been smaller. This qualification of our results does not, however, help to explain the differences between our hedonic measure and the CPI measure, since the quality adjustment in the CPI housing component is even more rudimentary.
A further caveat applies to the econometric techniques employed in this paper.
Ekeland/Heckman/Nesheim (2003) and Heckman/Matzkin/Nesheim (2003) have reminded us that for welfare considerations and for the compilation of true cost-of-living indices the structural parameters actually underlying the hedonic market are needed, and they propose semiparametric and instrumental-variables methods for recovering these parameters. It is true that we allow for some non-linearities in our estimation. However, by and large our estimation procedure remains in the realm of traditional parametric hedonic techniques,
-26 -which choose the best fitting functional form from a restricted range of alternatives. In this respect our paper is rather conventional. Some readers might prefer to see more refined econometric techniques, but this is beyond the scope of our paper.
